A new, efficient and environmentally benign protocol for the acetalization of carbonyl compounds as pentaerythritol diacetal and diketal derivatives catalyzed by P 2 O 5 /SiO 2 or P 2 O 5 /Al 2 O 3 as an eco-friendly catalyst with high catalytic activity and reusability at 100 o C under solvent-free conditions in excellent yields and short reaction times is reported.
Introduction
When a chemical reaction is to be carried out selectively at one in a reactive site in a multifunctional compound, other reactive sites must be temporarily blocked. Diacetals can be used as a potential protective group for aldehydes and ketones and are important derivatives of carbonyl compounds since most of them are crystalline substances and have sharp melting points 1 . The role of acetals in the chemistry of carbohydrates makes them biologically important 2 . Acetals are used both as intermediates and as end products in the fragrance and pharmaceutical industries 3, 4 . Pentaerythritol diacetals can be applied as plasticisers and vulcanisers of several of polymeric materials, as raw materials for production of valuable resins and lacquers, as physiologically active substances 5 and as defoamers in washing solutions containing anionic surfactants 6 .
Several publications have described the preparation of diacetals pentaerythritol [7] [8] [9] [10] [11] [12] [13] [14] 18 was prepared according to the reported procedure. All yields refer to isolated products after purification. Products were characterized by comparison physical data with authentic samples and spectroscopic data (IR and NMR). The NMR spectra were recorded on a Bruker Avance DPX 300 MHz instrument. The spectra were measured in DMSO relative to TMS (0.00 ppm). IR spectra were recorded on a JASCO FT-IR 460 plus spectrophotometer. Melting points were determined in open capillaries with a BUCHI 510 melting point apparatus. TLC was performed on Silica-gel polygram SILG/UV 254 plates.
General procedure for the synthesis of pentaerithrotol diacetal and diketal derivatives
A stirred mixture of pentaerythritol (1 mmol), aldehydes and ketones (2 mmol) and P 2 O 5 /SiO 2 (0.08 g, 7 w/w %) or P 2 O 5 /Al 2 O 3 (0.12 g, 50 w/w %) was added and the reaction mixture was stirred for the indicated time (Table 3) at 100 o C under solvent free conditions. After completion of the reaction (monitored by TLC) the reaction mixture was cooled and dissolved in 5 mL of ethylacetate. Then, the mixture was filtered to remove P 2 O 5 /SiO 2 or P 2 O 5 /Al 2 O 3 . The catalyst was washed four times with ethylacetate (4×5 mL), and then recovered catalyst was dried in oven at 100 ο C for 3 h. Finally the filtrate solution containing crude product was evaporated and recrystallised in ethanol. Some selected spectroscopic data for known products are given below: Product 1: (Table 3, 
Results and Discussion
In order to be able to carry out acetalization of carbonyl compounds derivatives in a more efficient way minimizing the time, temperature and amount of catalyst, the reaction of benzaldehyde (2 mmol), and pentaerythritol (1 mmol) was selected as model system to study the reaction at different reaction temperatures (60, 80, 90, 100, 110 and 120 o C) and the different amount of catalyst (0.05, 0.06, 0.08, 0.1, 0.12 g). The best result was obtained by carrying out the reaction with 2.0:1.0 molar ratios of benzaldehyde, and pentaerythritol, in the presence of 0. Using these optimized reaction conditions, the scope and efficiency of these procedures were explored for a wide variety of substituted aldehydes and ketones derivatives (Table 3) . Ketones show less reactivity than aldehydes for this reaction, for example dibenzalpentaerythritol (Table 3 , entry1) was obtained in 95% and 93% yield in 10 and 20 min, whereas acetophenone (Table 3 , entry 16) provided 85% and 82% yield of product in 14 and 22 min in the presence of P 2 O 5 /SiO 2 and P 2 O 5 /Al 2 O 3 respectively. Aromatic aldehydes with stronger electron-donor groups such as methoxy and methyl (Table 3 , entries 4, 10) showed less reactivity and give lower yields, whereas electron-withdrawing substituents enhanced the rate of acetal formation. So, nitro and chloro derivatives of benzaldehyde (Table 3 , entries 2, 3, 11-14) reacted faster than the other aldehydes. Alkyl aldehydes are converted to their desired acetals such as aryl aldehydes in excellent yield. (Table 3 , entries 6-9). [7] [8] [9] [10] [11] [12] [13] [14] . The reaction was carried out under thermal solvent-free conditions in an oil bath at 100 o C In order to show the accessibility of the present work in comparison with the reported results in the literature 7, 8, 11, 14 , we summarized some of the results for acetalizaton of carbonyl compounds in Table 4 . As shown in Table 4 , P 2 O 5 /SiO 2 or P 2 O 5 /Al 2 O 3 can act as effective catalyst with respect to reaction times, amount of the catalyst, and yields of the obtained products. Thus, the present protocol with P 2 O 5 /SiO 2 and P 2 O 5 /Al 2 O 3 catalysts is convincingly superior to the some reported catalytic methods (Table 4) . We also studied the reusability of the catalysts in the reaction of benzaldehyde, and pentaerythritol under solvent-free conditions at 100 o C. In this procedure, after completion of the reaction, the reaction mixture was cooled to room temperature and the crude solid was dissolved in ethylacetate. The mixture was filtered for separation of the catalysts. The catalyst was washed four times with (4×5 mL) ethylacetate. The recovered catalyst was dried in vacuum and was used as such for the subsequent catalytic runs. The recovered catalysts were reused five times without any loss of their activities ( 
Conclusion
A new, efficient and environmentally benign protocol for the acetalization of carbonyl compounds as pentaerythritol diacetal and diketal derivatives catalyzed by P 2 O 5 /SiO 2 or P 2 O 5 /Al 2 O 3 as an eco-friendly catalyst with high catalytic activity and reusability at 100 o C under solvent-free conditions in excellent yields and short reaction times is reported. This method offers significant advantages such as high conversion, clean work-up, short reaction times and simplicity in operation.
